Abstract
INTRODUCTION
As a component of a field program to examine glacial stratigraphy in relation to gold placer deposits in preglacial (Tertiary), interglacial or interstadial, and postglacial sediments in the Eastern Townships, 45 boreholes were drilled through overburden to bedrock from 1984 -1986 (Shilts and Smith, 1986a in Chaudiere River valley and its tributaries.
From drilling and seismic surveys, it is evident that many modern rivers in the region are suspended above their preglacial bedrock floors. Even though they may have cut down through as much as 30-40 m of glacial fill, further downcutting has been prevented by the stream striking bedrock of the preglacial valley sides. Using seismic refraction data, boreholes were sited on the axes of these paleovalleys on the assumptions that: 1) preglacial materials are most likely to be preserved there if at all and 2) complete sequences of Quaternary sediment might be recovered. For example, the gold-bearing (Tertiary?) sediment of Gilbert River is preserved only in the deepest part of the old bedrock channel where it is overlain by several glacial stratigraphic units. It is hypothesized that by examining certain physiographic, goechemical, and mineralogical parameters, it may be possible to locate other buried valleys that also preserve potentially gold-bearing sediments at depth. On this basis, we selected Noire River' for exploratory drilling.
The presence of a buried valley beneath Noire River was determined using seismic refraction techniques. The decision to drill three boreholes in a line along the river was made when it became evident, during core recovery from the exploratory hole, that complex stratigraphy existed at depth ( Fig. 16.1 ). The spacing of the sites 150 m apart permitted the interpretation of lateral continuity of the stratigraphic units. Siting of the drill was controlled by limited access for the equipment.
TECHNIQUE
Intact, large-diameter drillcore was retrieved using a Rotasonic drill that utilized high-frequency vibration and rotation to core the sediments. Core was extruded in 5-foot lengths into a plastic sleeve and placed in core boxes to be moved to the logging facility. An objective approach to describing the physical characteristics of unconsolidated sediments was developed based on the lithofacies code proposed by Eyles et al. (1983) . The modifications, shown in the legend of Figure 16 .2, make better provision for grain size variations within the gross subdivisions of D (diamict), G (gravel), S (sand), and F (fine-grained lithologies). Genetic '~o i r e River should not be confused with a river of the same name which flows through Valcourt and 1'Enfant Jesus-d'Ely about 20 km west of Sherbrooke. Important glacial sequences are exposed on that river (P. LaSalle, pers. comm., 1986) and will be discussed soon in the literature.
interpretations were made after the core logging was completed, and stratigraphic interpretations were developed from observations of compositional characteristics.
Correlation of detailed logs of cored sediment with regional glacial stratigraphy was based on characteristics such as clast lithology, texture, c1ast:matrix ratio, colour (related to weathering as well as provenance), and geochemical data. Fluvial and lacustrine sediments were correlated on the basis of relative stratigraphic position, similar lithology, or the presence of organic material.
QUATERNARY STRATIGRAPHY
No evidence has yet come to light through the regional drilling program, of any stratigraphic units not already known from previous studies (McDonald and Shilts, 1971; Shilts, 1978 Shilts, , 1981 . Many buried valleys, however, contain thick fine-to coarse-grained waterlain sediments and debris flows deposited in depressions in the floors of proglacial lakes during advance or retreat of ice fronts representing one or more of the three glacial events recognized from the region.
Johnville, Chaudiere, and Lennoxville tills represent the three major, documented advances of Wisconsinan ice sheets over the region. The Johnville Glaciation was preceded and gold placer mining area of Gilbert River (Fig. 16.1 ) and followed by periods of free drainage, inferred from fluvial contain sediments with similar stratigraphic relationships. sediments beiow and above the tillat Grande CoulCe River (Shilts, 1981) . Fabric and clast lithology data indicate a Laurentide source for the southeastward flowing Johnville glacier. At the few sites where Johnville Till is exposed, it is oxidized in its upper part, attesting to the period of free drainage, subaerial weathering, and ice-free conditions during the subsequent Massawippi Interstade.
The Massawippi Formation has been tentatively correlated with the St. Pierre interstadial, peat-bearing deposits of the St. Lawrence Lowlands (Gadd, 1971; McDonald and Shilts, 1971; Matthews et al., 1987) . Fluvial gravels and sand, overbank flood deposits, laminated proglacial lake sediments, and rare disseminated organic material or discrete peaty lenses comprise Massawippi Formation sediments.
Westward or southwestward flowing glaciers advanced from an Appalachian centre of outflow at the beginning of the Chaudiere Glaciation but were subsequently overwhelmed by a Laurentide glacier flowing southeastward. Parameters that reflect the shift in dominant ice flow direction, such as composition and fabric, have been recorded from most natural exposures of Chaudikre Till in the region (Shilts, 1978) . Contrasts in compositional parameters are particularly pronounced between Chaudibre Till and overlying and underlying tills of northwest provenance on Plante, Noire, and Gilbert Rivers, all of which are located a short distance southeast of major ultramafic outcrops. Although Lennoxville and Johnville tills, deposited by southeastward flowing glaciers, contain abundant nickel,' chromium, and minerals and err a t i c~ originating exclusively within the ultramafic belt, Chaudikre Till, deposited initially by westerly or southwesterly flowing ice, contains few of these components.
Relatively brief retreat of the Chaudiere glacier to the front of the Appalachian Mountains south of the St. Lawrence River, ponded drainage of north-flowing Chaudikre River, producing a large proglacial lake into which locally thick glaciolacustrine or deltaic sediments of the Gayhurst Formation were deposited. Boreholes have intersected Gayhurst interstadial sequences up to 60 m thick in upper Chaudikre Valley.
The last regional Wisconsinan ice advance deposited Lennoxville Till, the surface till of the region. During the waning phase of the Lennoxville Glaciation, an ice divide extended roughly northeast-southwest through the northcentral part of the Eastern Townships (Lamarche, 1971; Gadd et al., 1972) , documented by northward or northeastward striae north of the divide.
DESCRIPTION OF SEDIMENTS
The Plante River sections expose the most complete record of Quaternary units recorded at any one place within the Appalachians (Shilts and Smith, 1986b) . The Noire River borehole sediments similarly reveal a remarkably complete stratigraphic record for the area but also intersect a lower oxidized unit that bears a strong resemblance to the lower gold-bearing unit at Gilbert River. The basal stratum at Gilbert River is brownish yellow (strongly oxidized and Fe-rich), clast supported, depleted in Ni, contains clay minerals indicative of long andlor intense weathering, exhibits heterolithic clasts of strictly local lithologies, and contains perfect iron oxide pseudomorphs of pyrite (Shilts and Smith, 1986b) .
As shown in the borehole logs ( Fig. 16.2) , the general stratigraphy of Noire River comprises a grey till in contact with a lower brown till complex, which in turn overlies laminated silty clay with diamict lenses. This glacial sequence overlies an extremely oxidized diamict, similar in many aspects to that at the base of Gilbert River boreholes.
The buried basal unit at Noire River is characterized by orange-brown colour, matrix supported to almost clast supported framework, abundant clasts of local black shales, Ni content depleted below background levels for the region, and inclusions of pink clay. Results of gold analyses and clay mineralogy are anticipated by the time this report is published.
The high degree of oxidation of the lower parts of each drillcore is unusual and has been encountered only rarely in boreholes from Chaudikre Valley. iron concentrations of about 8-10% are typical in the lowermost highly oxidized stratum. Overlying brown glacial sediments contain about 6% Fe on average, compared to 4% in the clay size fraction (<pm) for fresh grey tills. The iron-rich, brown nonglacial sediments are preserved directly below clayey laminated sediment that itself lies under a brown diamict complex of uncertain stratigraphic rank. The brown colour of the diamict is caused by reworking of the basal oxidized nonglacial unit as at Gilbert River. The stratigraphic significance of the alternating enrichment and depletion of ultramafic components in this unit must await further detailed study of the core. The sharp decrease in nickel in the upper part of the Lennoxville Till is also presently unexplained (Fig. 16.3 ).
In the Plante River sections, the Chaudikre and Johnville tills are inter calated through a complex system of thrusting caused by glacial drag. The thrust complex is overlain with sharp angular unconformity by the Gayhurst Formation and Lennoxville Till. Although there is no evidence of laminated Gayburst Formation in the Noire River sequence, perhaps the sharp lithological break between the upper grey till and the brown till complex represents a similar contact.
Three boreholes drilled in a profile along the axis of the Such a model could account for the variation in nickel buried valley of Noire River have been interpreted in context concentrations in the brown till complex (Fig. 16.3 ). Alterof the regional Quaternary stratigraphy (Fig. 16.2) . They are natively, a subtle lithological break between Chaudikre, located between the large, intensively studied exposures on (Ni-poor) and Johnville (Ni-rich) tills may have been missed Plante River (Shilts and Smith, 1986b) and boreholes in the in the preliminary logging.
CRITERIA FOR RECOGNIZING BURIED PLACER POTENTIAL
A number of criteria can be identified in the Beauceville area that may lead to discovery of further buried placer deposits.
Valleys oriented northeast-southwest, approximkely at right angles to the regional ice flow directions during Johnville and Lennoxvile glaciations, appear to provide the best setting for preservation of potentially gold-bearing preglacial colluvium and alluvium. If significant amounts of fine grained, proglacial laminated sediment was deposited in lakes ponded in front of the first glacier to traverse the valley, the potential for preservation of the paleocolluviurn~alluvium is even further enhanced. Except on Plante River, the lower part of these laminae in the Beauceville area are distinctive in that they are as impoverished as the underlying colluvium in Ni which originates exclusively in the ultramafic belt.
The preglacial colluvium can be distinguished from other oxidized sediments within the overlying Quaternary sequence by its composition. The glacial sediments contain erratics and are enriched in nickel compared to the colluvium, allowing easy differentiation. Elsewhere in the Appalachians, where the ultramafic influence is not so great, this compositional pecularity is not likely to be as useful.
The paleocolluvium is very rich in kaolin, a clay mineral rarely encountered in glaciated terrains of the Appalachians (C. De Kimpe, personal communication, 1986) . This compositional parameter should be definitive for the paleocolluvium and can be considered as a "pathfinder" in tills containing material reworked from colluvial deposits. This Finally, the iron concentration in paleocolluvium is very high, up to 12% in the clay (<pm) fraction, relative to the 6% or less Fe encountered in the clay fractions of tills in the Appalachians. The iron enrichment should allow preglacial colluvium to be differentiated from diamicts of similar colour due to oxidation or reworking within the overlying glacial stratigraphic succession.
CONCLUSIONS
To summarize, drilling on buried valley targets defined by prior seismic surveys is necessary to evaluate the potential for finding new occurrences of buried gold placers in Chaudikre River valley and adjacent areas. Drilling techniques should provide intact pieces of the unconsolidated cover so that clay mineralogy and geochemistry can be evaluated.
Presence of kaolin is considered as definitive of preglacial colluvial deposits thought to have the highest potential for association with buried placer gold, as well as for tills reworked from them, based on our experience in the Gilbert River area. Kaolin-bearing tills could provide dispersal trains that might indicate location of unknown paleocolluvial deposits. Unfortunately kaolin is difficult to identify without special equipment in the presence of chlorite which dominates the clay fractions of Appalachian tills.
In the Beauceville region, ultramafic components such as Ni and serpentinized ultramafic erratics are useful for differentiating deposits formed preglacially in situ from glacially transported sediments. These compositional pecularities may be useful to a greater of lesser extent eastward and southeastward from the ophiolitic belt, depending on local details of ultramafic dispersal.
Finally, Noire River has all the requisite physiographic and stratigraphic conditions that are thought to indicate a favourable environment for preservation of buried deposits with high potential for gold enrichment. If the experience and methodology we have employed here is applied to similar valleys in the region, other favourable gold environments may be located.
